INTRODUCTION
Millet (Panicum miliaceum) and guinea corn (Sorghum spp) are the major crops that are mostly grown by peasant farmers in the northern parts of Nigeria. As a result of prolonged dry season in Gezawa ecological zone in North-central Nigeria, irrigation is practiced to boost production of these crops. The demand for irrigation has led to the proliferation of mosquito fauna in the irrigation system. Despite the on-going program of artemisinin-based combination therapy (ACT) and insecticide treated bed-net (ITN) administration in Gezawa Local Government Area (LGA) of Kano State, the increasing number of malaria cases at Gezawa general Hospital prompted us to carry out this surveillance of man-biting mosquitoes in the irrigation fields where over 70% of the farmers in Gezawa work during the planting season. According to WHO (1975) , such surveillance involved the collection, analysis, consolidation and evaluation of data, and its prompt dissemination which represented an overall intelligence or disease-accounting system designed to permit disease control authorities to be alerted early to the presence of disease problems and the effects of the disease on the population they serve.
The study of species diversity in an ecological community takes account of the total number of species encountered in the sample, expressed as richness, and how the species abundances are distributed among the species, expressed as evenness (Fisher et al., 1943) . A better measure known as Shannon Index or Shannon-Wiener Index of Diversity, which combines species richness and evenness in a single value is expressed as H = (N log N -∑fi logfi)/N where fi is the abundance and N the total number of individuals in the species (Ogbeibu, 2005) . A greater number of species, as well as a more even distribution among species will therefore increase species diversity measured by Shannon-Wiener Index (Lloyd and Ghelardi, 1964) . Another measure, the probability of picking two organisms at random that are different species, is known as Simpson's Dominance Index, and is expressed as C = ∑ (Pi) 2 or ∑ (ni/N) 2 , where ni = number of individuals of the ith species; N being the total number of individuals for all species; Pi being the proportional abundance of ith species i.e., Pi = ni/N (Krebs, 1972). Simpson's dominance indices is weighted towards the abundance of the commonest species and gives relatively little weight to the rare species, and ranges in value from 0 (low diversity) to a maximum of (1-1/S), where S is the number of species (Fisher, 1943) . The formula ∑ (ni/N) 2 refers to a finite population where all of the members have been counted. Since ecologists work with infinite populations where it is impossible to count all members, an unbiased estimator known as Simpson's Index, denoted by D = ∑ni (ni-1)/N (N-1) has been developed for sampling from infinite natural population, where ni is the total number of individuals in the ith species, and N is the total number of individuals (Ogbeibu, 2005) . The major aim of this study was to use natural counts of the number of species, and the number of individuals in each of the species of mosquitoes sampled from four millet and guinea-corn irrigation fields in Gezawa Agricultural Zone of North-central Nigeria to determine the composition and abundance of mosquitoes in a . . t t . tropical irrigation eco-system. The study will be helpful in understanding the epidemiology of mosquito-borne diseases in an endemic area, thereby aiding in vector control.
MATERIALS AND METHODS
Study Area: The study area, Gezawa irrigation system, is in Gezawa, Kano State, North-central Nigeria. Gezawa has a purely rural setting with limited health intervention. Majority of the natives cultivate millet and guinea corn. The adoption of irrigation practices has created different mosquito fauna in irrigated ditches, bed-pools, puddles and hoof-prints, which may guarantee all-year breeding of the mosquito in the area, thereby constituting a major factor in the epidemiology of malaria in Gezawa.
Mosquito Breeding Habitats: Mosquitoes larvae and adults breeding habitats in the irrigated millet and guinea corn fields were observed on weekly basis, from May to December 2007. Irrigation ditches, bed-pools, puddles, and hoof-prints were also observed from April 2007 to January 2008.
Collection of Larval Mosquitoes:
Mosquito larvae observed in bed-pools and puddles were collected using ladles; those in hoof-prints were scooped with plastic spoons and those in ditches were sampled with well nets. Subsequent collections of the available larvae were made into sampling vials with rubber stoppers. The vials were appropriately labeled with place of collection and type of habitat. Each vial holds collections from only one habitat sampled. There was no attempt to exhaust all the larvae in a habitat in cases of heavy breeding but to collect representative sample as far as was possible.
Collection of Adult Mosquitoes: Adult mosquitoes were sampled by hanging a black clothe, coated with hair cream (made up of mineral oil, petroleum jelly, anhydrous lanolin, coconut oil, microcrystalline wax, collagen and fragrance) on scarecrows that acted as effective attractant to biting mosquitoes. Adult mosquitoes hovering around the baited-scarecrows were collected, especially in the evenings, using a 20cm diameter well net sampler.
Identification of Larval and Adult Mosquitoes:
Adult mosquitoes collected were brought to the Department of Pathology laboratory at Gezawa General Hospital (GGH) and released into a glass jar containing chloroform. All mosquito species were observed under dissecting microscope for identification using standard morphological keys (Hopkins, 1952; Smart et al., 1956; Service, 1976; Gilles and Coetzee, 1987) . Voucher specimens were also deposited with the pathology department at GGH, Gezawa.
Ecological Statistics: Data on mosquito composition were analyzed quantitatively to determine the total abundance, percentage abundance of each species identified during the study period, as well as determining Shannon-Wiener diversity index (H) and Simpson's dominance index (C) for the area. ShannonWiener index (H) was used in calculating t' (Ogbeibu, 2005) to test for significant differences in diversity and dominance of mosquito species.
RESULTS AND DISCUSSION
Five mosquito genera sampled from the four irrigated millet and guinea-corn fields were Anopheles, Aedes, Culex, Mansonia and Psorophora. The 18 species from different fauna as well as from different irrigation fields are shown in Table 1 . Five species of Anopheles, four of Culex, seven of Aedes, each of Mansonia and Psorophora were encountered in the study area. A. gambiae complex, A. funestus complex, A aegypti, A. albopictus and A. taylori were found in puddles; A. albopictus was found in hoof-prints while A. gambiae complex, A. funestus complex, A. coustani, C. quinquefasciatus, A. aegypti, A. africanus and Psorophora spp., were found in bed pools during the rainy season which lasted for a short period of time. All mosquito vector species encountered in the study were found in the irrigation ditches while only Psorophora,
was not found in millet and guinea corn fields. Gezawa-1 contributed about 31.2 % of all the species collected, while Gezawa-2, Ketawa and Jogana contributed 24.8%, 22.8% and 21.2 % respectively. From Table 1 , it could be observed that A. gambiae complex contributed 20.7 %, A. funestus complex (7.0 %), A. pharoensis (3.7 %), A. rhodesiensis (2.1 %), A. coustani (3.3%), C. quinquefasciatus (11.8 %), C. pipiens pipiens (5.7%), C. pipiens fatigans (9.0 %), C. tigripes (5.0%), A. aegypti (6.9 %), A. albopictus (6.65), A simpsoni (1.9%), A. africanus (3.6 %), A. taylori (3.4 %), A. lu eocephalus (2.9 %), A. vit atus (2.8%), Mansonia spp., (2.0 %) and Psorophora spp., (1.6 %) to the total number of mosquitoes sampled. During the preliminary surveillance of the irrigated fields, we observed that our head region mostly attracted the mosquitoes, perhaps due to the colour of hair, fragrance of the hair cream, exhaled carbon dioxide and body temperature. This led us to conclude that a combination of visual, olfactory and physical stimuli were effective attractants to man-biting mosquitoes encountered in the irrigated field, and therefore we adopted a black clothed robot, coated with hair cream, as mosquito attractant. In the four crop fields, A. gambiae complex was the most frequently encountered species and this could possibly explain the cause of some malaria cases we observed at the Gezawa General Hospital, where administration of ACTs and ITNs was in progress. It has been reported that more of A arabiensis (66.7%) than A. gambiae s. s. (6.7%) was present at Yola in the dry-savannah of north-eastern Nigeria (Umaru et al., 2007) . However, Service (1993) established that A. arabiensis s.s is a dry-savannah zoophilic and anthropophilic as well as exophagic and endophagic mosquito. The A. gambiae complex was recovered in the millet and guinea corn fields and water bodies but their presence in puddles, hoof-prints and bed-pools was limited, perhaps as a result of the fast drying-up of water in these artificial habitats. During the peak of the rains the presence of A. gambiae complex was prolonged for more than 2 weeks in puddles and bed-pools. Key: fi = Abundance of species, N = total number of individuals, Pi = Proportion of individuals found in the ith species, In = the Natural (Naperian) logarithms (log e ), (ni/N) 2 = (Pi) Key: fi = Abundance of species, N = total number of individuals, Pi = Proportion of individuals found in the ith species, In = the Natural (Naperian) logarithms (log e ), (ni/N) 2 = (Pi)
